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SELECTIVE REFLECTING 



The present invention relates in general to selective reflecting and more particularly 
concerns selective reflecting for front-projection display systems, such as used in home cinema 
or business applications. 

BACKGROUND OF THE INVENTION 
For background, reference is made to U.S. Patent Nos. 5,335,022 and 5,148,309, which 
relate to polarized screens. One prior art method of increasing contrast ratio is to put neutral 
density absorption into the screen and appropriately increase the light output from the projector 
to compensate. 

SUMMARY OF THE INVENTION 
According to the invention, selective reflecting optical apparatus includes a projection 
screen having structure constructed and arranged to selectively reflect only incident optical 
energy of a predetermined number of narrow bands of optical wavelength regions. The structure 
may comprise a light absorbing material having a chemical composition characterized by 
absorbing light energy within the region between the narrow bands and may comprise a dye or 
paint. The light absorbing material may comprise a multilayer interference coating which 
reflects energy in the narrow bands while transmitting energy in the regions therebetween and a 
black coating constructed and arranged to absorb the transmitted energy. There is typically a 
source of projected light constructed and arranged to illuminate the projection screen, the 
spectral shape of the regions corresponding to that of the source of projected light to effect high 
reflection of light from the projection screen incident from the source of projected light while 
absorbing high amounts of ambient light. Typically the narrow bands are approximately blue 
430-490 nm, green 540-560 nm, and red 620-650 nm. The bands are typically less than about 10 
percent of center wavelength at full width half maximum and may be less than 6 percent of 
center wavelength. 

The multilayer interference coating may comprise a plurality of layers of alternating low 
index-of-refraction and high index-of-refraction material. A typical low index-of-refraction 
material is Si02 and typical high index-of-refraction materials are Ti02, Ta20s and Nb20s. The 
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thicknesses of the low index-of-refraction material layers are typically approximately 100 nm 
and 70 nm for the high index-of-refraction material. Typically, the multilayer interference 
coating has approximately 5 to 50 layers to form a coating of thickness in the range of 
approximately 1000 to 6000 nm. 

There may be a diffliser on the projection screen constructed and arranged to direct the 
reflected light to a predetermined viewing location. The diffuser may be constructed and 
arranged to provide asymmetric diffusion to direct reflected light to a viewing region having a 
greater span horizontally than vertically. 

It is an important object of the invention to provide an improved projection system. 

Numerous other features, objects and advantages of the invention will become apparent 
from the following description when read in connection with the accompanying drawing in 
which: 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a graphical representation of the sensitivity of the human eye to optical energy 
as a function of wavelength; 

FIG. 2 is a table of an exemplary multilayer coating; 

FIG. 3 is a graphical representation of reflectance as a function of wavelength for an 
exemplary multilayer coating; 

FIG. 4 is a graphical representation of the effect of viewing angle on the reflectance of a 
typical multilayer coating; 

FIG. 5 A is a side view of a lens set on a projection screen according to the invention; 

FIG. 5B is a front view of the microlens screen; 

FIG. 6 is a graphical representation of spectral radiance as a function of wavelength for 
an exemplary dye; 

FIG. 7 is a sectional view through an exemplary projection screen according to the 
invention having a front surface diffuser only; 

FIG. 8 A is a sectional view through an exemplary projection screen according to the 
invention having a simplified construction; 

FIG. 8B is a sectional view through an exemplary projection screen according to the 
invention having both front surface and immersed diffusers; 
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FIG. 9 is a graphical representation of the spectrum of filtered projector light as a 
function of wavelength; 

FIG. 10 is a color chart relating optical wavelengths to colors; 

FIG. 11 is a color chart illustrating improved performance achieved with the invention; 

5 and 

FIG. 12 is an example of filtered waste light. 

DETAILED DESCRIPTION 
With reference now to the drawing, and more particularly FIG. 1 ? there is shown a 
graphical representation of the sensitivity of the human eye as a function of optical wavelength, 
10 extending from blue at shorter wavelengths to red at longer wavelengths and peaking at green in 
the center. 

, Referring to FIG. 2, there is shown a table illustrating an example of a typical multilayer 

Q coating having 26 layers (some layers consisting of 2 sub-layers) of the indicated materials and 

m indicated thicknesses. 

jjjjfj 15 The coating in the table of FIG. 2 is constructed and arranged to reflect three spaced 

Cm narrow bands of optical energy while transmitting and/or absorbing other visible wavelengths. 

Reflection is typically greater than 90 percent average from 450 to 490 nm, greater than 75 
H 8 percent average from 540 to 570 nm, and greater than 80 percent average from 610 to 650 nm at 

ru 

ry zero degrees angle of incidence (AOI). Reflection is typically less than 10 percent average from 

IZ 20 500 to 530 nm, less than 20 percent average from 500 to 530 nm and less than 20 percent 
M average from 580 to 600 nm at zero degrees AOI. Reflection is typically less than 50 percent 

average from 660 to 780 nm at zero degrees AOI. 

Referring to FIG. 3, there is shown a graphical representation of the spectral performance 

of the coating design shown in FIG. 2. 
25 Referring to FIG. 4, there is shown a graphical representation of reflectance as a function 

of wavelength for angles of incidence of zero degrees, 7 degrees and 15 degrees to illustrate the 

effect of angle of incidence on reflectance for a typical coating design (not the one listed in FIG. 

2). 

Referring to FIG. 5 A, there is shown a side view of a lens set on the projection screen 
30 having a large input lens 1 1 and a smaller output lens 12. 
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Referring to FIG. 5B, there is shown the layout of asymmetric microlenses including an 
input lens 1 1 and an output lens 12. 

Referring to FIG. 6, there is shown an example of the spectral radiance of dye as a 
function of optical wavelength; 

Referring to FIG. 7, there is shown a cross section through an exemplary projection 
screen according to the invention formed of a black film 13 attached by transparent adhesive 
layer 14 to a dichroic filter layer 15 that reflects useful wavelengths while transmitting unwanted 
wavelengths to black film 13. Dichroic filter layer 15 is attached by low-birefringence 
transparent adhesive layer 16 to polarizer layer 17 that transmits the projector light while 
substantially absorbing ambient light. Polarizer layer 17 is attached by low-birefringence 
transparent adhesive layer 18 to diffuser layer 19 having surface features to increase the angle of 
view asymmetrically and reduce glare. 

Referring to FIG. 8, there is shown the cross section of a projection screen according to 
the invention like that in FIG. 7, except that it includes an immersed diffuser 21 between 
polarizer 17 and adhesive layer 16. 

Referring to FIG. 9, there is shown a spectrum of an exemplary filtered projector light as 
a function of wavelength having advantages which will be discussed below. 

Referring to FIG. 10, there is shown a color chart with optical wavelengths for the 
different colors. 

Referring to FIG. 11, there is shown a comparison of color performances illustrating 
improved color performance in progressing from (1) a projector on a white screen, (2) a filtered 
projector on a white screen, and (3) a filtered projector on the screen according to the invention. 
Observe that the area of the color triangle embraced by points 3 corresponding to the filtered 
projector on the screen according to the invention is greater than that of the triangles embraced 
by points 1 and 2. 

Referring to FIG. 12, there is shown a schematic example of filtered waste light for the 
case of a ceiling mounted projector. The light filtered out of the main projector beam is sent out 
of the projector for the purpose of general room lighting. 

Having described certain structural features and optical concepts, it is now appropriate to 
consider more detailed structural features and advantages of the invention. 

The invention provides a high-contrast front-projection video system especially 
advantageous where there is substantial ambient light, such as in a lighted room. The high- 
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contrast projection screen reflects projector light back to the viewer without reflecting a 
substantial amount of ambient light from the room. It typically achieves this by (1) reflecting 
narrow-band peaks of blue, green and red projector light while absorbing light energy of other 
wavelengths, such as those in the more broadband ambient light spectrum, (2) reflecting light 
5 from a polarized projector while absorbing a large percentage of unpolarized ambient light, and 
(3) steering the reflected projector light from the projection screen into the viewing area by 
lensing and/or diffusion while not accepting ambient light from off axis. Not only do these 
features improve contrast ratio, but reflecting the narrow-band peaks of primary colors improves 
color as shown above. 

10 One approach for achieving wavelength selective reflection is to use a dye or paint which 

absorbs light energy as a function of wavelength based on its chemical composition. A second 
approach is to use a multilayer interference coating, such as shown in FIG. 2, which reflects 
narrow-band blue, green and red while transmitting light energy of other wavelengths. A black 
coating behind the interference coating absorbs the transmitted energy of other wavelengths. 

15 The spectral shape of the wavelength-selectable coating preferably matches the spectral shape of 
the projector light source and reflects primary colors with high intensity. Matching the spectral 
shape of the projector light source achieves high reflection of projector light while absorbing 
high levels of ambient light. By selectively reflecting the primary colors with high intensity 
there is a larger color gamut effectively achieved by removing yellow contamination in the 

20 green, removing orange contamination in the red and moving the blue peak towards the blue 
corner of the color triangle. 

For a color projector based on red-green-blue (RGB), primary colors, wavelength regions 
for reflection at the screen are preferably approximately (blue) 450-490 nm, (green) 540-570 nm, 
and (red) 610-650 nm. Making these regions narrower increases the effectiveness of the spectral 

25 selectivity. Optical energy of other wavelengths are preferably absorbed at the screen. 

An alternate way of describing the wavelength selective property is by the narrowness of 
the reflection bands. The bands are preferably no wider than approximately 10 percent of center 
wavelength (at full width half maximum, FWHM) to get at least some contrast improvement. 
The bands are preferably no wider than 6 percent of center wavelength to get a larger contrast 

30 improvement effect. Since the eye is most sensitive to light near its green wavelengths as shown 
in FIG. 1, these width guidelines apply primarily to the green peak. The width of the red and 
blue peaks need not be as important. 
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The multilayer interference coating, also called multilayer dielectric coating or dichroic 
coating, comprises many layers of alternate low index-of-refraction and high index-of-refraction 
materials, typically 25, as shown in FIG. 2. These are typically dielectric (nonlight-absorbing) 
materials which are sputter deposited in a vacuum chamber. A typical low index material is 
5 Si0 2 . Typical high index materials are Ti02 ? Ta 2 0 5 , and Nb 2 0 5 . By choosing each layer to be 
the proper thickness, examples being shown in FIG. 2, the small reflections between the layers 
can be caused to either constructively or destructively interfere as a function of optical 
wavelength. This structure allows light to be either reflected or transmitted as desired for each 
wavelength of light energy. Typical thicknesses of the layers are approximately 100 nm average 
10 for the low index material and 70 nm average for the high index material. In order to achieve 
adequately narrow band peaks and valleys according to the invention, there are preferably 
approximately 5 to 50 layers. The total coating thickness is typically in the range of 
.: approximately 1000 to 6000 run. FIG. 2 shows an example of a multilayer interference coating 

3 according to the invention with layer thicknesses. FIG. 3 shows the spectral performance of the 

-"57 

y 15 design shown in FIG. 2 (without a diffuser). 

: £ The optical performance of the dichroic coating is related to the angle of incidence (AOI) 

ft of light impinging upon it. FIG. 4 shows the effect of varying the AOI throughout the range of a 

typical projector-screen geometry. In this example, the projector is typically mounted on the 

* ceiling. The minimum angle is approximately zero degrees and occurs at the upper center of the 

U 20 screen. The maximum angle is approximately 15 degrees and occurs at the lower left and right 

*s hand sides of the screens. In actuality, the differences visible across the screen do not vary as 

^ much as that shown in FIG. 4, partly because the diffuser tends to average the angles so that all 

positions have a more similar range of angles. 

A variety of methods can be used to reduce the effect of high angle-of-incidence light on 

25 the interference coating. The screen can be coated non-uniformly so that each position on the 

screen has a pre-shifted coating that compensates for the angle of incidence at that position. 

Another method is to curve the screen so that the angle stays more nearly constant. 

The ambient light has a large fraction that comes in at relatively high angles. At high 

angles, the green peak shifts significantly to the left so that a dip in reflection occurs in the green. 

30 Because the eye is more sensitive to green than the other colors, that shift significantly reduces 

the amount of ambient light seen on the screen and thus helps improve contrast ratio. Another 

angle-related consideration is the shift at the far right-hand side of FIG. 4. At high angles, the 
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light in the far red (660 to 750 rim) shifts to the near red (630 to 650 nm) and would make the 
screen look too red overall. By having the coating constructed and arranged to have relatively 
low reflection in the far red region, this effect is reduced. 

The dichroic coating may be made in a small batch process, or using roll-coating 
machines, using a large roll-coater to make the multilayer interference coating on thin plastic 
film. The coating may be deposited bidirectionally in pairs of high and low index-of-refraction 
materials. There may be a constant ratio (determined by the relative deposition speeds) between 
the thicknesses of the materials in each pair. Each pass through the coating machine allows a 
variation of coating speed which results in "n" independent variables for coating with "n +1" 
layers while allowing high deposition speed for all materials at all times. 

By using layers of intrinsically absorbing materials (for example, Si and Nb) along with 
typical dielectric materials, the rear absorbing layer can be eliminated and the coating can be 
made approximately half the thickness for the same optical effect, thereby reducing cost. 
Alternately, the coating may be deposited directly on an absorbing substrate or an absorbing 
layer of material may be deposited directly on the substrate under the dielectric materials. 

An alternative method for using an interference coating is to transfer the coating from its 
original substrate onto the back of another substrate. This allows the elimination of the PET 
substrate thus making the screen thinner and more rollable. The coating could be transferred to 
the back of the internal diffuser or to the polarizer, both are typically materials (CTA or 
polycarbonate) which cannot be interference coated directly due to their outgassing and poor 
coating adhesion). 

Another feature of the high contrast projection screen according to the invention is the 
diffuser which directs the reflected light to the viewing location. The diffusers may be surface 
diffusers or textured bulk diffusers. Surface diffusers are typically made by using a holographic 
or numerically controlled fabricating process to etch a master which is then used to emboss a 
surface pattern upon a thin, UV-cured coating. Lenticular (cylindrical microlens) patterns 
function as a diffuser and are advantageous for hiding seams. Bulk diffusers are typically made 
by mixing together immiscable materials having a slightly different index of refraction such that 
small particles or lenses are formed in the bulk of the material. A textured front surface can help 
avoid front surface glare. 

Asymmetric diffusion in the horizontal and vertical direction (X and Y) is advantageous 
because the horizontal direction typically covers more viewing area to account for the horizontal 
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screen geometry and horizontally distributed probability of viewing locations. The bulk or 
surface diffusion methods can provide asymmetric diffusion in the X and Y directions. Other 
methods of making asymmetric diffusers include adding oriented glass fibers such that there is 
an index of refraction difference between the glass fibers and the plastic or adhesive matrix 
which captures them, adding narrow air chambers such that the air forms cylindrical lenses 
inside a plastic or adhesive sheet and using a plastic sheet with lines embossed or brushed on the 
surface. 

Asymmetry in the direction of the viewer (z) may also be advantageous and may be 
achieved with a microlens which focuses the incoming light so that when reflected from the 
screen, it passes through a relatively small spot having high diffusion or beam spreading, as 
shown in FIGS. 5A and 5B. This z asymmetry increases the contrast ratio and reduces the effect 
of large angles on the multilayer interference coating. Z asymmetry may be achieved by 
continuously varying the microlenses on the screen as a function of their position as shown in 
FIG. 5B. Another way to achieve z asymmetry is to orient a rough surface of high-index-of- 
refraction material so that the bumps face away from the projector. This arrangement causes the 
light exiting from the screen to be diffused less than the light entering the screen. A simple way 
to make such a screen is to make an air gap internally between the rough surface and the dichroic 
surface. Another approach is to use a low index-of-refraction adhesive to bond the rough high- 
index-of-refraction material to form an immersed surface diffuser. Two layers each of low 
index-of-refraction adhesive (silicone pressure-sensitive adhesive at 1.41) and rough high index- 
of-refraction material (polycarbonate at 1.58) may be advantageous to achieve sufficient 
diffusion. Taller bumps or a greater difference in index of refraction may allow sufficient 
diffusion to be obtained from one layer of immersed diffuser. Another approach to make an 
immersed diffuser is to use a high-index-of-refraction adhesive and low-index-of-refraction 
bumps. Thermoplastic adhesives can reach an index-of-refraction as high as 1 .71 . 

The antiglare coating may be made by making a rough or textured surface. A further 
improvement in glare reduction may be achieved by using a multilayer interference antireflection 
(AR) coating alone or in combination with the antiglare coating. 

Beneficial polarization filtering may be achieved with a linear polarizer in the screen. 

The projector is polarized preferably in the same direction for all three primary colors. Typical 

transmissive liquid-crystal-display (LCD) projectors are not polarized this way and may be 

modified by rotating the green polarization with a 1/2 wave retarder. In the case of digital- 
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micromirror-device (DMD) projectors, a polarization recovery system may be used to keep high 
light throughput while making the three primary colors polarized. Another approach is to use a 
liquid-crystal-on-silicon (LCOS) projector which inherently has the same polarization for all 
three primary colors. 

Polarizing film is typically made by stretching polyvinyl alcohol (PVA) and then dying it 
to transmit light of one polarization while absorbing light of the other polarization. The 
polyvinyl alcohol is typically approximately 0.001" thick. On one or both sides, cellulose 
triacetate (CTA) or cellulose acetate butyrate (CAB) layer is added to protect and strengthen the 
polarizer. These protective layers are typically at least 0.001" thick each. "Birefringence" is a 
property of materials that describes a different index of refraction along different orientations of 
the material. Plastic film materials used in the screen preferably have controlled birefringence to 
retain proper polarization. To combat uncontrolled birefringence the film may be oriented such 
that the birefringence does not cause rotation of the polarized light from the projector. Another 
way is to use substrate materials, such as CTA or CAB, which have very low birefringence. 
Special adhesive with very low birefringence may also be used. In particular, the diffuser 
substrate and adhesives in front of the dichroic filter preferably have controlled birefringence. 
The substrate for the dichroic filter and the adhesive behind the dichroic filter do not need to 
have controlled birefringence because light passing through these rear materials is discarded. 

"Extinction ratio" is a measure of the amount of light passed through two polarizers 
aligned with their polarization axes aligned perpendicular divided by the amount of light passed 
through two polarizers aligned with their polarization axes aligned parallel. A modest extinction 
ratio is acceptable to achieve large benefit from including a polarizer in the projection screen. 
Low cost polarizers, such as the grades made for sunglasses or toys, are sufficient for the 
invention. 

Another way to achieve spectral selectivity in the screen is to use a phase retarder that is 

able to control polarization direction as a function of wavelength. The phase retarder can be put 

in the projector and can consist of one or many elements. Beneficial polarization states are 

achieved when the red, green, and blue colors are rotated to be (for example) vertical 

polarization and the other colors are rotated to be horizontal polarization. The polarizer in the 

screen is oriented so that it selectively allows the reflection of the red, green, and blue while 

absorbing the other colors. The unpolarized ambient light is partially absorbed so the 

improvement in contrast ratio and color is similar to that obtained from the multilayer 
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interference coating. This method can be used alone or together with the multilayer interference 
coating. Phase retarders can also be put in the screen to further modify or enhance the spectral 
selectivity effects. 

Another approach for achieving wavelength selectivity is the use of colorants on one or 

5 more layers of the projection screen. Selecting a colorant with specific absorption spectra allows 
only optical energy of desired wavelengths to be reflected from the projection surface. Since 
wavelength-absorbing materials are equally effective at a broad range of incident angles, they are 
advantageous for limiting unwanted ambient light sources in a projection system, where a large 
range of source angles (from windows, lamps, reflective surfaces and other light sources) are 

10 common. An incremental increase in contrast ratio can be achieved by incorporating the 
colorant as a separate layer in the screen construction or by coloring an existing component (such 
as the outermost diffusing layer). The colorant may also be used in conjunction with other 
existing means of wavelength selectability, such as dichroic coatings, to either enhance the 
filtering quality or to achieve a more desirable apparent color of the final screen product. The 

15 reflectance spectra of the colorant need not correspond precisely to the entire range of desired 
source colors (e.g., narrow band blue, green and red) to improve contrast ratio. For example, a 
colorant which absorbs unwanted cyan or orange but also absorbs some amount of desired green 
may yield a net increase in contrast ratio. Color may be achieved by either using organic or 
synthetic dyes (responsible for absorption only), or pigments (insoluble particles which give rise 

20 to some scattering and reflectance). This availability allows a broad range of application, 
including pretreating polymers used in the screen constuction, and surface-coating layers during 
or after screen construction. FIG. 6 shows the spectral properties of a dye sample that attains 
some degree of spectral selectivity in the proper wavelengths. 

Referring to FIG. 7, there is shown an advantageous embodiment of the invention. The 

25 top layer 31 is a holographically-mastered diffuser coating deposited on CTA 32. This layer is 
then attached with low-birefringence transparent adhesive to a polarizer layer 33 of substantially 
flat spectral performance. The polarizer layer 33 is then attached with another layer of low- 
birefringence transparent adhesive to the dichroic filter 34. The dichroic filter 34 typically 
comprises sputter-coated layers of SiC>2 and NbiOs on a polyester terephlate (PET) film. The 

30 dichroic filter 34 is attached to a black PET film 36. Typical thicknesses are as follows: 0.003" 
diffuser, 0.001" adhesive, 0.001" polarizer, 0.001" adhesive, 0.003" dichroic on PET film, 
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0.001" adhesive and 0.001" black PET. The total thickness is approximately 0.011", which is 
thin enough to allow the easy rolling and deployment of the screen. 

Referring to FIG. 8, there is shown two examples of more advanced versions of the 
invention characterized by reduced cost and thickness. In FIG. 8A the top layer is a 
holographically-mastered diffuser coating 41 deposited directly on the polarizer 42. The 
dichroic filter 43 includes absorbing materials and is deposited directly on the bottom of the 
polarizer 42. Typical thicknesses are as follows: much less than 0.001" diffuser, 0.003" 
polarizer, much less than 0.001" dichroic coating. The total thickness is thus approximately 
0.003". In FIG. 8B, one layer of immersed surface diffuser is included. Between the extremes 
shown in FIGS. 7 and 8, various combinations can be realized by incorporating only some of the 
advanced approaches in FIG. 8. 

The construction shown in FIG. 8B puts the diffuser primarily behind the polarizer. This 
construction results in higher "contrast ratio improvement" (CRI), because ambient light does 
not have a chance to directly reflect from the diffuser before being partially absorbed in the 
polarizer. In this embodiment, the top layer bumps are still used to prevent surface glare. The 
immersed diffuser may be bulk or surface type with X-Y asymmetric properties. 

In one form of the invention, it is advantageous to use narrow-band light sources. The 

sources may be gas or semiconductor diode lasers. Throughout most of this invention 

description, the wavelengths specified have been based on a specific projector embodiment 

which uses UHP bulbs to comprise the light source. If a different light source is used, the 

wavelengths may be adjusted appropriately. In particular, the green wavelength may be shifted 

to a more purely green color near approximately 520 nm. The output spectrum from a typical 

projector (with additional filtering that removes the UHP yellow peak), which is appropriate for 

use with the wavelength selective projection screen, is shown in FIG. 9. UHP bulbs tend to be 

red poor, so a combination of a UHP bulb with another source of narrow-band red is 

advantageous. A large number of LEDs may be used to provide the red light. Another source 

may be a filtered tungsten filament bulb. The CRI may be used as a measure of the effect of the 

high contrast projection screen according to the invention. With a reasonably narrow-band 

projector light, typical ultra-high-pressure (UHP) mercury vapor lamp, yellow filtered out, the 

measured CRI of exemplary high contrast screens range from about 3.5 to about 4.5, depending 

on the amount of spreading desired. A CRI of 4 is reasonable with typical spreading angles of 

approximately 45 degrees vertical by 65 degrees horizontal (full angle, half power). These 

ll 
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number are for a well-lighted room where a white screen has a contrast ratio of 10 to 1, which 
makes a picture that is very difficult to see. In that situation, the new system will improve the 
contrast ratio to approximately 40 to 1, which is a satisfactory level for front projection systems. 
In a dark room, the invention still provides color improvement and absorbs a significant fraction 
5 of the projector's stray light which reflects off the screen and bounces off the walls. That light is 
largely depolarized when it reflects off the walls, so the polarizer in the screen is still usable in 
improving contrast ratio. Also, the light that reflects off the walls is largely redirected to high 
angles where the screen dielectric coating and diffusion layers are constructed and arranged to 
avoid returning ambient light to the viewer. 
10 The projector can be filtered in order to make a more narrow-band light source. This 

improves the colors, but at the expense of wasting some light. If this waste light (possibly with 
additional filtering to make it whiter) is used to light the room as ambient light, it will be mostly 
u _ absorbed in the wavelength-selectable screen. This arrangement is shown in FIG. 12. Also, the 

0 ambient light, such as the room lights or windows can be filtered to only allow wavelengths that 
fy 15 will be absorbed in the screen. In the case of room lights, the filter can be directly deposited on 
S the bulb or separately installed in front of the bulb. In the case of windows, the filter coating can 

CP be a dye or part of a plastic film such as solar-rejecting window film, or it can be combined with 

ill 

1 other devices such as curtains. 

if. Referring to FIG. 10, there is shown a color chart with the colors labeled and the 

fy 20 corresponding wavelengths indicated. Referring to FIG. 11, there is shown the effect of color 
IZ improvement. The triangle marked "1" is the color gamut on a white screen produced by a 

H» Viewsonic PJ1060 projector (with modified polarization and typical settings for high contrast). 

The triangle marked "2" shows the color gamut of the same situation except with the addition of 
a moderately narrow band RGB filter at the output of the projector. The triangle marked "3" 
25 shows the color gamut with the further addition of the wavelength selectable projection screen 
according to this invention. In this example, the addition of the narrow band filter and screen 
results in a 53 percent improvement in color gamut area. 

FIG. 1 1 shows that this invention has moved the blue point from approximately IT = .18, 
V* = .13 to approximately U' = .21, V" = .08. This change represents a shift that makes the blue 
30 color become purplish. In order to correct the blue color and to achieve an even larger color 
gamut, it is advantageous to reduce the reflection in the range of 430 to 450 nm. this reduction 
can be achieved by appropriate construction of a multilayer coating or by the use of dyes. 

12 
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Changing the blue will tend to degrade the desirable neutral gray or slightly purplish color of the 
screen when reflecting only ambient light. Other changes, such as a reduction in the amount of 
green reflection, may be advantageous to keep the proper ambient color. 

The high contrast projection screen according to the invention significantly increases the 
contrast ratio and improves the color. The multilayer interference coating is advantageous in 
obtaining sharp cut-on and cut-off slopes in wavelength selection. Also, it canb e made with 
arbitrary positions for the cut-ons and cut-offs. This feature allows adjustment for better color 
and contrast ratio. Colorants such as dyes offer general insensitivity to incoming and outgoing 
light angles, making them especially advantageous to the projection screen environment. 

A variety of methods may be used to reduce the effect of high-angle-of-incidence light on 
the interference coating. One approach is to coat the screen nonuniformly so that each position 
on the screen has a preshifted coating that compensates for the angle of incidence at that 
position. Another approach is to curve the screen so that the angle stays more nearly constant. It 
is preferred that a lamp of known source spectral power density be matched to a colored screen 
with the desired emission properties. Other primary color schemes may be used beised RGB to 
create a full color display. In fact, many colors can be created from a two-primary color system. 
Another approach is to use only one color to make a monochrome display. The monochrome 
system can be designed with fewer layers in the dichroic or can be designed to enhance contrast 
more than in the full color system. 

An alternative way to utilitize the multilayer interference coatings include the method of 
removing the coating flakes from the substrate, grinding them into smaller pieces, and putting 
them into a binder to make paint. The advantages of this method are much improved coating 
uniformity across the screen and added diffusion from the interference coating flakes that may 
allow the elimination of the internal diffuser. 

It is evident that those skilled in the art may now make numerous uses and modifications 
of and departures from the specific apparatus and techniques herein disclosed without departing 
from the inventive concepts. Consequently, the invention is to be construed as embracing each 
and every novel feature and novel combination of features present in or possessed by the 
apparatus and techniques herein disclosed and limited solely by the spirit and scope of the 
appended claims. 

What is claimed is: 
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